An asymptomatic adult population of 196 men and women was studied with the echocardiogram to derive age-and sex-specific "normal" values for a number of clinically used echocardiographic variables. The results are in general agreement with previously published normal values. Body position during the examination, age and sex influence the echocardiographic results; body surface area correction normalizes most of these effects. The prevalence of occult abnormalities determined by the echocardiogram is 7%; the most common finding was mitral valve prolapse. Inter-and intraobserver variability was assessed. The interobserver differences found on analysis are statistically, but not clinically, significant. The echocardiogram appears to be a suitable tool to use in epidemiologic studies to detect selected cardiac abnormalities, but is limited for this purpose because some subjects in such a population cannot be adequately examined.
THE ECHOCARDIOGRAM is an established tool in the clinical evaluation of cardiac patients. Most cardiac lesions in adults and children have been analyzed echocardiographically. However, the systematic assessment of an asymptomatic adult population to derive age-and sex-specific normal values has received little attention, although this type of information is readily available in neonatal and pediatric age groups." Data for these groups have been broken down by body weight or body surface area or both. In contrast, the published normal adult echocardiographic values have combined results from both sexes without regard to age, although body surface area correction has been used.5 Other studies have focused only on a particular cardiac structure or abnormality and have provided comparison measurements from a small set of "normal" subjects. 6 Normal subjects in these studies have not been adequately categorized. Patients who are referred for suspected cardiac lesions and considered free of clinically significant disease after thorough evaluation are called "normal." These patients may indeed be free of clinically detectable disease, but they probably do not represent the "normal" population. The most accurate procedure for obtaining echocardiographic values that represent those of normal adults is by evaluating a random sample from an asymptomatic, nonhospitalized, living population. No study has used the echocardiogram as a potential epidemiological tool. It seemed, therefore, that the clinical use of the echocardiogram would be enhanced by a survey of a randomly selected, asymptomatic adult population to provide normal values with which cardiac patients could be evaluated. Thus, the purpose of this study was to derive a set of "normal" population echocardiographic variables in an age-and sex-stratified group of randomly selected asymptomatic adults, and to examine methodologic factors that influence the usefulness of the echocardiogram as an epidemiologic tool.
If the echocardiogram is to be used as an epidemiologic tool, the records must be obtained and interpreted in a standardized manner. Transducer placement can affect the measurement of left ventricular dimensions and mitral valve systolic motion,7' 8 and the position of the subject's body can influence the measurements as well. 5 The way in which measurements are taken differs in various laboratories. Also, we sought a semiautomated method to expedite measurement of the large numbers of records that are encountered in an epidemiologic study.
It is generally accepted that echocardiography can be used to make positive free-standing diagnoses of mitral valve prolapse, pericardial effusion, idiopathic hypertrophic subaortic stenosis, atrial masses and rheumatic valvular disease.9 In addition to obtaining a set of normal values, the prevalence of selected occult cardiac abnormalities was determined.
Methods

Subjects
The population in this study consisted of Stanford University employees 26 years of age and older who initially participated in a coronary artery disease risk factor prevalence survey. Of 6034 employees (3608 males [59%] and 2426 females [41%]) who were eligible for this survey, 4292 (7 1%) participated. The male/female ratio of participants was the same as that of all Stanford University employees. From the group that participated in the initial evaluation, a 15% ran-921 dom sample was invited to return for a second, more comprehensive visit. Subjects with plasma cholesterol above the ninetieth percentile or triglycerides above the ninety-fifth percentile (age-and sex-specific) or both were also requested to participate in the second visit, but were not part of the present study.
Approximately 27% of the participants in the first evaluation were asked to come for the second evaluation. The response rate to the second visit was greater than 90%. For the present echocardiographic crosssectional survey, a random subsample, stratified for age and sex, was selected from the 15% random sample participating in the second visit. Participants with known previous heart disease or sustained hypertension above 140/90 mm Hg were excluded. Six presently normotensive subjects on mild diuretics had been told they had high blood pressure within the past two years; however, they were totally asymptomatic. One hundred ninety-six of 259 persons who were eligible (75%) completed the study. The subjects were not paid and had not participated in previous echocardiographic studies reported from this laboratory.
Echocardiographic Studies
The echocardiographic examinations were performed with a Smith-Kline Instruments Ekoline 20A echocardiograph with a pulse repetition rate of 1000/sec. A 2.25-MHz transducer with a 5-cm beam collimation was used. The printout was made on an Electronics for Medicine DR8 physiologic recorder at a paper speed of 50 mm/sec with 1-cm calibration marks. The studies were performed with the subjects in a shallow left lateral decubitus position and the head and trunk elevated 30°. In order to assess the effect of body position on echocardiographic measurements, subjects with exceptionally good tracings were restudied in the supine position. The transducer was positioned on the chest wall, as previously described,7, 8 to ensure a standard technique. An examination was considered complete when ventricular, mitral, and aortic-atrial studies were obtained.
Analysis
The echocardiograms were measured with calipers and the instrument-generated scale, as is routine procedure in our laboratory. Figures 1-3 show the points on the records where the measurements are taken. End-diastolic measurements are made at points coincident with the peak of the QRS complex. Endsystolic measurements are made at points coincident with maximal posterior wall motion, as described below. Eighteen variables were measured or derived: 1) Right ventricle at end-diastole (RVED): This measurement is taken from the endocardial echo of the right ventricular anterior wall to that of the interventricular septum. If the anterior wall is not well visualized, a point 5 mm from the last nonmoving echo is used as the anterior right ventricular wall.
2) Left ventricle at end-diastole (LVED): The distance from septal to posterior wall endocardium measured at a level inferior and lateral to where the mitral valve is recorded. : This measurement is taken as the time from the peak of the QRS to the point of the LVPWES. We did not subtract 50 msec from this measurement, as has been recommended by others. EFo SL =mitral valve slope. I 1) Left ventricular volumes at end-diastole (EDVOL) and end-systole (ES VOL) are calculated by the cube formula described by Popp.'" 12) Ejection fraction (EJ FRAC): This variable was derived by the following formula: EJ FRAC =LVED3 -LVES3/LVED3 13) Aortic root at end-diastole (AoED): This measurement was taken at the peak of the QRS from the leading edge of the anterior to the leading edge of the posterior wall of the aorta. 14) Aortic root at end-systole (AoES): This measurement was taken at anterior maximal excursion of the posterior aortic wall. 15) Left atrium at end-diastole (LAED): This measurement was taken at the same point as the AoED.
16) Left atrium at end-systole (LAES):
This measurement was taken at the same point as the AoES.
17) Mitral valve excursion (MVEX):
This measurement was the distance from the D to the E points in mitral valve motion in early diastole.
18) Mitral valve slope (EFoSL): The diastolic slope of the mitral valve was defined as the line joining the E to Fo points, as described by Zaky.'3 Each of the echocardiograms was measured by hand and by computer using a Tals Cybergraphic tablet and a Hewlett Packard 2115 computer. To assure uniform interpretation, points for both manual and computer measurements were located and marked by the person who recorded the tracing, and all the points used for making measurements were reviewed by one of the investigators. The same points used for manual measurement were used for the computer-assisted measurements. One investigator who did not locate the data points or make the manual measurements entered all the data into the computer using the Talos Cybergraphic tablet. Recordings were measured both manually and with computer assistance to determine if both procedures, using the same data points, resulted in similar values or if systematic errors occurred.
Statistical analyses were performed on a Hewlett Packard 3760 computer using the Statistical Package for the Social Sciences.'4 Means and standard deviations were obtained, as well as multivariate analysis for the effects of age, sex, and body position. Regression analysis was also used to evaluate the same effects. Inter-and intraobserver variability was evaluated by t tests.
Results
The characteristics of the study population are given in table 1. Although three subjects said they had suffered a myocardial infarction, none had evidence of old infarctions on a resting ECG. There was no evidence of recent or remote infarctions in the study population. Two subjects had left ventricular hypertrophy on the ECG by Minnesota Code criteria. None of the subjects had conduction abnormalities or significant ventricular ectopy.
Multistage treadmill tests were carried out on all 923 tl Abbreviations: AoED = aortic root at end-diastole (cm); AoES = aortic root at end-systole (cm); BSA = body surface area; EDVOL = left ventricular end-diastolic volume (cm3); EFoSL mitral valve slope (cm/see); EJ FRAC = left ventricular ejection fraction; ESVOL = left ventricular end-systolic volume (cm3); IVSED = interventricular septum at end-diastole (cm); IVSES = interventricular septum at end-systole (cm); LAED = left atrium at end-diastole (cm); LAES = left atrium at endsystole (cm); LVED = left ventircle at end-diastole (cm); LVES = left ventricle at end-systole (cm); LVET = left ventricular ejection time (msec); LVPWED = left ventricular posterior wall at end-diastole (cm); LVPWES = left ventricular posterior wall at end-systole (cm); MVEX = mitral valve excursion (cm); %,FS = percent fractional shortening (%); RVED = right ventricle at end-diastole (cm); SVOL = left ventricular stroke volume (cm3); Vcf = velocity of circumferential shortening (circ/sec). 924 CI RCULATION subjects using the Bruce protocol as modified by Lester.15 Seventy-eight percent of the treadmill tests were stopped because the subjects achieved their target heart rates, and the remaining 22% were stopped because of subject fatigue or dyspnea. None of the subjects had chest pain. Only one person was judged to have ischemic ST-segment displacement with exercise. During exercise, three subjects had ventricular tachycardia that resolved spontaneously, while no subjects had supraventricular tachycardia.
Medications
Three persons were taking oral hypoglycemics at the time of the examination, but none were on insulin therapy or lipid-lowering medications. Twelve women subjects were taking contraceptive pills and 12 subjects were taking diuretics, six for the recent onset of hypertension. One subject had taken nitroglycerin in the past, but was not taking it at the time of the study. None were taking antiarrhythmic drugs. None of the subjects had sustained a stroke nor had any undergone heart surgery.
Smoking History
Fifty-two (27%) of the subjects were cigarette smokers at the time of examination. Eighty-four (43%) had never smoked. The remaining 57 (30%) had quit smoking within the previous 2 years. Table 2 lists the mean + 2 SD for each variable, by age and sex, recorded in the left lateral position. Values listed in the column labeled "pooled data" are for all ages and both sexes combined. In the next column of table 2, these values, corrected for body surface area, are pooled.'6 The age-and sex-specific data have not been corrected for body surface area. Table 3 lists a subset of variables to determine the possible effect of age on the obtained measurements. These variables were used because they are actual measurements, rather than derived differences among the four age groups, for each variable and were tested by analysis of variance. Values for males and females have been combined and significance levels are provided. Only LAES was significantly affected by age. Table 4 shows the data presented in table 3 corrected for body surface area.'6 Age is not a significant factor when a body surface area correction is used (significance of differences among four age groups tested by analysis of variance). Table 5 shows the data grouped by sex on the same subset of variables previously analyzed for effect of age. The last column shows the significance level for each variable. Statistically significant differences exist between males and females in measurements of LVES and LVED ( p < 0.001). Significant differences also exist in measurements of IVSED (p < 0.01) and IVSES (p < 0.05), LVPWES (p < 0.05), AoED (p < 0.001), and LAES (p < 0.05). Table 6 shows the same data corrected for body surface area. This correction removes virtually all observed sex differences. Thus, body size accounted for nearly all of the differences between sexes.
Echocardiographic Results
Body Position
Thirty-eight subjects had studies performed in both the left lateral and supine positions. They served as their own controls to assess the effect of body position on selected measurements. These data (table 7) are pooled for age and sex and corrected for body surface area. Significant differences (two-tailed t test) are found in RVED, LAES and MVEX.
Incidence of Echocardiographic Abnormalities
There were six women (7%) with echocardiographic evidence of mitral valve prolapse (by our previously published standards) in the group of 90 women who participated in the study.'7 Five (4.7%) of the 106 males also had this echocardiographic evidence of mitral valve prolapse. Only one of the subjects with echocardiographic prolapse had a click and systolic murmur, although seven of these subjects had a mid-systolic pattern of prolapse. One subject, a 54year-old male, had evidence of a small pericardial effusion. His history was negative for acute pericarditis. Another subject, a 45-year-old man, had multiple discrete, dense echoes in the area of the posterior pericardium that fulfill our criteria for pericardial thickening; his history was also negative for pericardial disease.'8 There were two women in whom studies could not be obtained. These women were 41 and 51 years old and were both heavy smokers.
Hand vs Computer-assisted Measurements
The difference between hand and computer-assisted measurements is tabulated in table 8. There are a number of variables in which there are statistically significant differences between the two measurement methods. However, we believe these small, systematic differences are not clinically important. 
lnterand Intraobserver Variability
Inter-and intraobserver variability was assessed by having three of the investigators measure the same 20 randomly selected ventricular studies twice. The measurements were performed independently and at two separate times. The results are shown in table 9. Intraobserver differences were seen in only one person in the measurement of the LVPWED; no other intraobserver differences were significantly different (two-tailed t test). In contrast, the differences in interobserver variability are greater. Table 9 shows the differences in interobserver variability when each investigator is compared with the other. Values for each observer are the means for 20 randomly selected ventricular studies. The major differences are seen in measurements of LVED, LVES, IVSED, LVPWED 1.0 0.9 0.9 0.9 0.9 1.0 0.9 0.9 0.9 0.9 LVPWES 1.6 1.6 1.5 1.5 1.5 1.5 1.6 1.5 1.6 1.5 1.5 1.5 *All values are means for 20 randomly selected ventricular studies on first reading. Abbreviations: a = first reading; b = second reading; see table 2 for other abbreviations and units of measure. and LVPWES (p < 0.05; two-tailed t test). The greatest difference is 2 mm, which is seen in the measurements of the LVES.
Discussion
We assessed an asymptomatic, nonhospitalized adult population to generate age-and sex-specific echocardiographic values. In contrast to most other published studies of adults, this study did not use patients referred for medical evaluation and it defines the population from which sample measures were taken.
Our subjects were a random group of Stanford University employees who had participated in a previous larger study. In addition, they had extensive evaluations that categorized this group as asymptomatic and probably typical of a "normal" population. Six subjects had prior mild hypertension that was adequately controlled with medication, and they were not hypertensive or symptomatic at the time the study was performed.
Our findings with regard to means and ranges for most variables are in accord with Feigenbaum's normal values.5 We did not measure some variables that he measured. We found minor differences in measurements of the RVED, LAES and AoED, which may be a reflection of the subject's body position at the time of the examination. A second, equally important factor is the position of the transducer on the subject's chest during the examination.
The variability of the measurements taken is influenced by a number of factors. As with any other diagnostic tool, the manner in which the record is measured varies from person to person. For uniformity, we identify loci for end-diastolic measurements at the peak of the QRS complex; but even within this framework, actual points used are not always easily discernible. Measurement of the aortic root presents a problem when numerous echoes arise from the walls. We use the leading edge of both aortic root echoes in order to standardize our measurements. The measurement of the mitral valve slope is subject to the greatest variability, because of the difficulty in defining the Fo point. This is readily appreciated in the table of normal values, which shows the wide range for this measurement.
Technical and biologic factors also are involved in the quality of the records obtained.'9 It is a wellknown fact that complete studies cannot always be obtained because of variable chest configurations. In our study there were two women in whom we could not obtain usable data, and 17 in whom we did not obtain ventricular studies. Patients with emphysema are generally difficult to examine echocardiographically.
The incidence of any cardiac abnormality detected by the echocardiogram was 6.6%. Pericardial effusion was found in one man and probable pericardial thickening in one other. The incidence of mitral valve prolapse in women is similar to that reported.20 21 Five of 106 men had mitral valve prolapse. Only one subject, a male, had auscultatory evidence consistent with the prolapse. The finding of mitral valve prolapse in five of the 106 (4.7%) males was unexpected. Because only one man had the history and clinical findings to go along with the syndrome, it is possible that this echo pattern represents a continuum of mitral valve motion in which the click murmur syndrome is at one end of the spectrum.
In a study of a similar population, Gerstenblith et al. found slightly different results.22 Increasing age correlated with increasing aortic root diameter and left ventricular wall thickness in their study, as did decreasing mitral valve "E-F slope." This study included older subjects, but did not adjust measurements for body surface area; either factor might explain the discrepancies in aortic diameter and posterior wall thickness between their study and ours. The description of measured EF slope or EFo slope may be slightly different in each study; nevertheless, this measurement had a wider standard error or standard deviation than other parameters in either study. Neither group was aware of the other's data at the time of publication.
In our study, we found little if any intraobserver variability. This means that an observer is generally consistent in picking the reference points that he or she will use for measurements. The differences 928 CIRCULATION ECHOCARDIOGRAM AS AN EPIDEMIOLOGIC TOOL/Valdez et al.
between observers measuring the same record generally fall within one standard deviation of the mean and therefore are not clinically significant.
Conclusions
The echocardiographic values derived in this study from an asymptomatic population show slight differences from those of other studies. We found six major points: 1) Pooled male/female data should be corrected for body surface area. 2) In an adult population, age is not a significant factor in most echocardiographic measurements. 3) Body position of the subject can influence a small number of variables. 4) A few persons cannot be examined by the echocardiogram, which decreases its suitability as an epidemiologic tool. 5) There are a small but significant number of persons with presumed occult cardiac abnormalities that can be discerned by echocardiography. 6) Semiautomated measurements can be used to expedite processing of large numbers of echocardiograms without compromising consistency and accuracy.
